The hemodynamic manifestations of acute severe aortic regurgitation (AR) are characterized by a steep increase in left ventricular (LV) enddiastolic pressure (EDP), exceeding mean left atrial pressure and occasionally equilibrating with aortic diastolic pressure. Diastolic opening of the aortic valve (AV) in severe AR is an exceptionally rare phenomenon, which could be caused by equalization of LV EDP and systemic blood pressure due to severely elevated LV EDP.
INTRODUCTION
The hemodynamic manifestations of acute severe aortic regurgitation (AR) are characterized by a steep increase in left ventricular (LV) enddiastolic pressure (EDP), exceeding mean left atrial pressure and occasionally equilibrating with aortic diastolic pressure. Diastolic opening of the aortic valve (AV) in severe AR is an exceptionally rare phenomenon, which could be caused by equalization of LV EDP and systemic blood pressure due to severely elevated LV EDP. [1] [2] [3] [4] [5] [6] [7] [8] [9] We report a case of Takayasu's arteritis showing diastolic opening of the AV due to severe AR associated with aortic root dilation, in which unique hemodynamics were successfully evaluated using various echocardiographic findings.
CASE PRESENTATION
A 42-year-old man was transferred from another hospital for worsening heart failure as a result of AR. Two months prior to this transfer, he came to the hospital because of a 9-month history of dyspnea on exertion and was diagnosed with acute decompensated heart failure on the basis of the finding of lung congestion. He was admitted to the hospital and diuretic therapy was initiated, but complete relief of dyspnea was not achieved, and severe AR was detected. Upon admission after the transfer, he denied dyspnea at rest, and physical examination revealed no jugular venous distention, peripheral edema, or rales in the lung fields. The body temperature was 36.1 C. His blood pressure was 104/44 mm Hg, and pulsus magnus and pulsus celer were observed, suggesting the presence of hemodynamically significant AR. A systolic ejection murmur and diastolic murmur were heard maximally at the second left sternal border. Electrocardiography revealed sinus rhythm with signs of left atrial enlargement and LV hypertrophy. Chest radiography displayed slight cardiomegaly without lung congestion. Blood examination showed decreased hemoglobin concentration (107 g/L) and markedly elevated C-reactive protein (94,300 mg/L) and plasma brain natriuretic protein (118.2 pg/mL).
Transthoracic echocardiography was performed to evaluate AR. Two-dimensional images showed that the left ventricle was enlarged with eccentric hypertrophy (end-diastolic dimension 61 mm, relative wall thickness 0.26, indexed LV mass 121 g/m 2 ), whereas LVejection fraction was preserved at 66% (Videos 1 and 2). Although LV ejection fraction was preserved, mitral annular peak systolic velocity and LV global longitudinal strain were reduced (7 cm/sec and À14%, respectively), suggesting intrinsic myocardial damage. Color Doppler images showed severe AR ( Figure 1 , Video 3), with vena contracta width of 11 mm. The severity of AR was further confirmed by a regurgitant volume of 70 mL quantified using the proximal isovelocity surface area method and obvious holodiastolic flow reversal of abdominal aortic blood flow ( Figure 2 ). The AV did not show any organic abnormality, but coaptation was limited by the enlarged aortic root. The anterior-to-posterior diameters of the aortic annulus, sinus of Valsalva, sinotubular junction, and ascending aorta were 22, 43, 41, and 42 mm, respectively ( Figure 3) . Therefore, the cause of AR was diagnosed as tethering due to aortic root dilation (El Khoury type Ib). Surprisingly, the AV showed late diastolic opening, occurring just after the P wave of the electrocardiogram ( Figure 4 , Video 4). The late diastolic opening of the AV was suspected to be the result of marked elevation of LV EDP. Consistent with this hypothesis, transmitral Doppler flow showed a lack of late diastolic inflow along with prominent atrial systolic backward flow in the pulmonary venous Doppler flow ( Figure 5 ), suggesting markedly elevated LV EDP. Late diastolic mitral regurgitation was observed (Video 5), which also suggested elevated LV EDP. Furthermore, the continuous-wave Doppler waveform of the AR showed extremely shortened pressure half-time (174 msec) and abrupt decline of velocity just before atrial contraction to end-diastole ( Figure 6A ), and precise observation of the color Doppler image as well as color M-mode Doppler image of the AR revealed discontinuation of regurgitation at late diastole ( Figure 6B , Video 3), indicating equalization of LV and aortic pressures at late diastole. All of these findings confirmed that late diastolic opening of the AV was the result of equalization of LV and aortic pressures because of markedly elevated LV EDP caused by AR. From the continuous-wave Doppler spectrum of AR, LV and aortic pressure waveforms were estimated as shown in Figure 7 . LV EDP was estimated to be 44 mm Hg from the systemic diastolic pressure, and LV pre-A pressure was approximated as 17 mm Hg, which was calculated as the estimated LV EDP (44 mm Hg) minus the pressure gradient between the aorta and left ventricle just before atrial contraction (27 mm Hg). From these considerations, the hemodynamics of the patient were assumed to be slightly elevated mean left atrial pressure and severely elevated LV EDP, which could explain the absence of lung congestion despite markedly elevated LV EDP.
After the echocardiographic evaluation, computed tomography and carotid ultrasonography demonstrated wall thickening of the branches of the aorta (Figure 8 ). In addition to these findings, positive HLA-B52 was revealed, and the patient was diagnosed with Takayasu's arteritis, resulting in the initiation of steroid therapy thereafter.
DISCUSSION
Severe AR usually causes elevation of LV EDP and decline of systemic diastolic pressure, resulting in reduced pressure difference between the aorta and left ventricle at late diastole. However, equalization of the pressures of the two cavities rarely occurs. As far as we know, diastolic opening of the AV in AR has been reported in 10 articles (Table 1) . ing of the AV were perforation of the leaflet secondary to infectious endocarditis, prolapse of the AV, and aortic dissection. [2] [3] [4] [5] [6] [7] [8] [9] [10] However, this phenomenon has not been reported in Takayasu's arteritis, and ours is the first report of late diastolic opening of the AV due to AR in Takayasu's arteritis. Takayasu's arteritis is a large-vessel vasculitis that mainly affects the aorta and its branch, resulting in stenosis, occlusion, or dilation of the vessels, and the dilation of the aortic root occasionally causes AR. 11 Prior reports concluded that the mechanism of diastolic opening of the AV is the equalization of aorta and LV pressures at late diastole because of marked elevation of LV EDP. They also reported that premature closure of the mitral valve due to the rapid rise in LV diastolic pressure was the second notable finding in these settings. Consistent with these reports, we found signs of markedly elevated LV EDP suggested by the transmitral and pulmonary venous flow patterns along with late diastolic mitral regurgitation. In addition, we could further estimate the unique hemodynamics, relatively elevated mean left atrial pressure, and extremely elevated LV EDP from the continuous Doppler waveform of AR ( Figure 6 ). These hemodynamics indicate that the regurgitant volume was large enough to mildly elevate the LV pre-A pressure and also to severely elevate LV EDP with the small increase in the volume during late diastole.
CONCLUSION
We report a case showing diastolic opening of the AV in functional severe AR due to a dilated aortic root associated with Takayasu's arteritis, the hemodynamics of which could be precisely evaluated by comprehensive echocardiographic assessment.
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